H igh and rising prices of medicines have attracted public concern from the poorest to richest countries. For example, of 1500 patient groups surveyed in 78 countries, only 9% believed that pharmaceutical companies were "excellent or good" at having "fair pricing policies". This figure has hovered between 11% and 15% since the survey began in 2011. 1 Politicians, experts, physicians, patients, and pharmaceutical executives have hotly debated whether medicines prices are fair, but without agreeing on what "fairness" means.
Medical, public health, and economic texts do not provide a standard definition of a fair price for medicines. Discussions of fair pricing of goods generally, however, provide some useful indications. These include the characteristics intrinsic to the product, market, and transaction at a point in time, and the perceptions of consumers and suppliers. [2] [3] [4] [5] [6] European competition law defines whether a price is excessive based on several factors, including production costs, profit margins, economic value, and prices of related goods. 7 Drugs, biological agents, diagnostics, and other medical devices-which for brevity we call medicines-are not ordinary goods. The price of a medicine should allow for meeting the societal need for that product. Sellers often have strong price setting power, however, when need is greatest. For new medicines, monopoly power strengthens a seller's position. These characteristics mean that government intervention is often needed to ensure a fair price.
Here we describe a conceptual framework for assessing whether a medicine's price is fair. The framework was initially developed for the 2016 meeting of the WHO Advisory Group on Fair Pricing and revised after expert feedback and discussion. Increased clarity about a fair price, we argue, can help to achieve it.
Defining sellers and buyers
We divide those likely to have different views of fair pricing into "sellers" and "buyers." Sellers include several subgroups. One subgroup is developers conducting research and development (R&D). These comprise academic and government laboratories for basic research, small companies developing a promising technology in preclinical and clinical trials, larger companies developing medicines through regulatory approval, and generic firms adapting formulations. A second subgroup is manufacturers, who may or may not be distinct from developers. A third subgroup includes distributors moving medicines from manufacturers towards patients and the public-for example, wholesalers, importers, pharmacies, healthcare facilities, online retailers, and informal outlets.
Buyers include those who pay for a medicine, such as households, insurers, ministries of health, and donors. We also include those who benefit from a medicine, such as patients for therapeutics, or entire populations for prophylactics (eg, vaccines, drugs). The public is ultimately the buyer of medicines, whether through out-of-pocket payments, private insurance premiums, or taxes for publicly financed health insurance. Public perceptions of fairness matter.
Fairness to sellers
For sellers, we identified four categories to be considered when assessing fairness.
First is the cost of R&D through to regulatory approval. There is no single, widely agreed method to calculate such costs. Several approaches could be considered, including the cost of successfully developing a specific medicine or a company's total costs including failures. Failures across the industry as a whole need not be included, but they should be reflected in the risk premium in a company's cost of capital. Direct public funding of R&D and tax benefits should be subtracted from total costs. The opportunity cost of capital and excessive executive salaries could be excluded entirely. 8 A major challenge is the paucity of public data on R&D costs. 9 Increasing cost transparency is likely to require government action. This has been proposed in many public forums [10] [11] [12] and expert reports. 13 14 The second category is the cost of manufacturing and distribution. Data on manufacturing costs are not usually made public. Costs may be discovered, however, by prices under competitive market conditions or estimated by experts using prices of inputs. 15 16 Medicines have considerable economies of scale, and predictability of orders and payment enables suppliers to manufacture efficiently. Therefore, a lower price may be considered fair for large volume orders placed in advance with secured payment, compared with a higher price for smaller volumes or rush orders. The costs of distribution may also contribute appreciably to prices.
The third category is fair profit. For commercial sellers, generating a fair return on investment is their main purpose. Pharmaceuticals and biotechnology are consistently ranked among the most profitable industries by various measures. 17 • Pricing under the floor threatens sustainable supply and future innovation whereas pricing above the ceiling unduly limits benefits for the individual and health system average profit margins and cost of capital across different industries, 17 or specific targets (eg, GlaxoSmithKline has aimed for a 14% return on R&D investment 18 ). In principle, allowable profit margins can take into account the risk inherent in R&D, providing both reward for past success and capital for future innovation, without permitting excessive profits. In practice, further data and analysis are required to assess, and develop guideposts for gauging, the overall fairness of profits.
Finally, other normal costs of doing business should be considered. These include registration in different countries after initial regulatory approval, administration, and postapproval surveillance for adverse effects (eg, pharmacovigilance systems, phase IV trials). Consensus on whether a fair price should include marketing costs is unlikely, however, given robust debates on the extent to which suppliers should market medicines to healthcare providers or directly to consumers.
Fairness to buyers
For buyers, we identified three categories of demand-side factors. The first is affordability, which is the ability to purchase a "necessary quantity" of a medicine without undue financial hardship. 19 Determining the necessary quantity depends on a number of factors, which are different for individuals and populations. For example, for individuals, necessity is determined by the properties of the medicine and underlying disease, such as efficacy, availability of alternatives, and severity of the consequences of non-provision. At the population level, necessity may be determined by factors such as the infectiousness of a disease, equity concerns, or degree to which a government is legally obliged to provide a medicine. When the necessary quantity of a medicine is high, achieving affordability would probably require a lower price for it to be considered fair.
Financial hardship is determined by financial burden and resources available to a buyer. Resources need to be assessed in relation to a specific buyer. For example, a price that is affordable to an insurer, which spreads costs across a population, may not be affordable for an individual paying out of pocket. Similarly, a price that is affordable to an international donor may not be affordable to the government of a country where the disease is endemic. Perceptions of affordability will also vary according to income, psychological, or cultural factors.
These considerations underline the importance of assessing fairness of prices specific to a buyer rather than in isolation.
Several methods are available for determining hardship. Approaches have been developed based on individual or household income, insurance coverage, and other available resources. 14 Four possible tests are: the line for catastrophic health expenditure, drawn at a maximum of 40% of a household's income after subsistence needs are met or 25% of total household expenditure, 20 21 impoverishing expenditure that pushes a household below a poverty line of $1.25 (£1; €1.11) or $2 per capita/day, 21 or expenses above 7.5% of adjusted gross income (US tax standards). 22 Empirical evidence, such as survey data on the degree to which prices impede patient adherence to prescribed medicines 23 could also indicate hardship. Since patients often need more than one drug for chronic conditions, total financial burden will shape affordability of any given medicine.
For governments, financial hardship depends on need, available budget, and the ability to sustainably increase a budget. 24 A key challenge is that government spending on health, and medicines, in particular, varies widely by country. 25 Several targets have been proposed to provide guidance for a fair level of collective health spending: a minimum of 5% of GDP 26 or 15% of government budgets on health, 27 a maximum of 1% of government health expenditure on vaccines, 28 or a threshold for each quality adjusted life year provided by a medicine.
A second factor for buyers in assessing fairness is value to the individual and the health system. Buyers increasingly use health technology assessment to assess a medicine's benefits in relation to price. However, such assessment requires strong evidence and robust monitoring capacity, raising challenges for its widespread use. Furthermore, sellers have increasingly adopted value based pricing. This has various definitions [29] [30] [31] but generally refers to linking price to valued characteristics of a medicine (eg, therapeutic efficacy, health system efficiencies). 32 In principle, paying higher prices for better medicines should provide incentives for development of better products. In practice, value based pricing can far exceed affordability thresholds. 33 This occurred, for example, when hepatitis C drugs were priced at the same level as liver transplantation, and led to rationing. 34 A key question is whether pricing can reflect value while remaining affordable.
A third factor is supply security. Buyers need adequate, timely supply, which may justify paying higher than minimum prices. Paying above the lowest price is merited to retain multiple suppliers in a market as this can reduce the risk of shortages and encourage competition. For example, Unicef procures vaccines from several suppliers for these reasons. 35 Similarly, some governments have paid higher prices to support local production of medicines for the sake of supply security. 36
Fair pricing zone
We combined the above factors into a framework in which a fair pricing zone lies between a price floor and ceiling. The price floor is the lowest sustainable price at which suppliers can sell a medicine. It can include the cost of R&D, manufacturing, and distribution, other costs, and a fair profit. The price floor should incentivise innovation and maintain competition. The price ceiling is the maximum the buyer can afford. Prices above the ceiling are defined as excessive and would justify regulation. Figure 1 shows the framework for a simplified hypothetical scenario in which one seller produces three bottles of a drug and sells one to each of three buyers: a high, medium, and low resource buyer (analogous to different countries, organisations, or individuals). We assign values to each of the cost components, such that it costs the seller $30 to offer the drugs for sale, including a fair profit margin; R&D costs are allocated equally to the three buyers. The size of each cost component will vary widely; this illustration merely identifies the components to be considered. We assign a maximum affordable price (ceiling) of $25/unit for the high resource buyer, $15/unit for the medium resource buyer, and $5/unit for the low resource buyer. In this scenario, all costs are distributed equally across the three buyers.
In fig 1, any price falling between the affordability line (price ceiling) and the cost column (price floor, set here at $10)) would be considered "fair." The exact price within the fair pricing zone would determine the distribution of producer or consumer surplus, but all prices would be fair. Consumer (or buyer) surplus is the benefit that accrues to consumers when a product is priced below their maximum willingness to pay. Conversely, surplus accrues to the producer when the price lies above the lowest the producer is willing to charge. Considerations of who receives the surplus highlight the distributional implications of medicines pricing but are often absent in pricing discussions.
If a medicine offers greater value, the high and medium resource buyers could agree to a higher price that is still within an affordable range. Notably, the high resource buyer could pay a price that is lower than the medium resource buyer. As long as both prices fall below each buyer's affordability thresholds, the prices would be considered fair-that is, fairness does not require wealthier buyers to pay higher prices than less wealthy ones, as long as prices are affordable to both. For the low resource buyer, however, the price floor exceeds the ceiling-that is, even the lowest price of $10 is not affordable. A subsidy from government, donors, or other third parties can bridge the gap between the $10 lowest price and the $5 the buyer can afford.
In a second scenario (fig 2) , R&D costs are distributed progressively-for example, countries could pay a proportion of global R&D costs based on their share of the global economy. The low resource buyer pays the marginal rather than the average cost of production. The total cost to the seller ($30) remains the same, but the zone of fair pricing becomes narrower for the high and medium buyer. The low buyer can now afford the product within a fair pricing zone of between $4 and $5.
In these scenarios, fair prices are those that fall under the affordability line and excessive prices are those above it. This requires sellers being able to sell an adequate quantity in high and medium resource markets to cover their R&D and average production costs. This is feasible for medicines needed worldwide but more challenging for those predominantly used in poorer countries, such as those for sleeping sickness.
In a third scenario, R&D financing is delinked from the price of the end product (and removed from the cost columns) (fig 3) . The price floor drops for all three buyers, though other costs could still be progressively spread across the three. However, the R&D costs still need to be covered by, and distributed among, buyers in some other form. 37 Applying the concept of fair pricing In summary, a fair price for a medicine is affordable to the buyer while covering the seller's costs and providing a reasonable profit margin. Within a fair pricing zone, a specific price may be higher or lower, possibly reflecting value or distribution of consumer and producer surplus.
We simplified the framework and hypothetical scenarios to emphasise key concepts. Applying the framework to decision making would require access to data on R&D, manufacturing, and distribution costs, which is generally not publicly disclosed. This lack of transparency about costs undermines efforts to assess the fairness of medicines prices, 10 38 39 It also exacerbates information asymmetry to the sellers' advantage. Nevertheless, disclosure can be enforced through legislation, regulation, and judicial action or as a condition of receiving public research funds, tax benefits, regulatory approval, or listing in a formulary for reimbursement. In the absence of disclosure, decision makers may rely on reasonable estimates based on publicly available information.
The framework would require further analysis of key topics, including identifying affordability thresholds for particular buyers, assessing the fairness of profit margins, allocating global R&D costs across countries or buyers, and incorporating value assessments into the price. The framework's application would vary by country (or subnational body, such as an insurer). Some countries will have greater negotiating leverage, ability to mandate information disclosure, access to health technology assessment expertise, and a wider zone of fair pricing than others. The analytical questions are challenging but not insurmountable.
This framework does not fix a fair price for a medicine through a cost plus formula. Rather, it provides a way of systematically assessing whether any given price is fair by taking costs into account. The framework argues for a concept of pricing that explicitly takes into account the needs of both sellers (whether originator or generic) and buyers, and the broader public interest objectives of securing innovation, sustainable supply, and affordability. In so doing, it seeks to deal with several contentious problems and help advance the public debate on medicines pricing. The framework also accounts for the globalised nature of markets for medicines, and the need to consider fairness across widely differing situations and buyers. In addition, it allows for adjustment of prices to reflect the value of a medicine within the constraint of affordability. Finally, it highlights the types of missing data needed to make solid determinations of whether a price is insufficient, fair, or excessive (table 1) .
A clear concept of fairness in medicines pricing, combined with further analysis and access to information, would strengthen society's ability to assess and achieve fair prices for all.
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